Many bacteria are reported to accumulate an intracellular a-glucan structurally akin to mammalian glycogen (Preiss, 1969) . Optimal accumulation occurs when growth is restricted by limitation of nitrogen, sulphate or phosphate, or by low pH in the presence of excess of carbon source. The glycogen thus formed is not metabolically inert, but is mobilized as a reserve carbon source under conditions of carbon starvation @awes & Ribbons, 1962).
In Escherichia coli the glycogen-biosynthetic pathway comprises the enzymes ADPglucose pyrophosphorylase (EC 2.7.7.27), ADP-glucose-specific glycogen synthase (EC 2.4.1.21) and branching enzyme (EC 2.4.1.18). This pathway has been studied in depth. The isolation of mutants altered in one or more enzymes of the pathway (Sigal et al., 1964; Damotte et al., 1968; Govons et al., 1969) has permitted correlation of the kinetic properties in vitro of key enzymes with phenotypic expression. By contrast, although a tentative scheme for the pathway of glycogen catabolism in E. coli has been proposed, evidence in support of the proposed pathway has been slow to materialize. One major obstacle has been the inability to isolate mutants altered in one or more enzymes of the catabolic pathway. Mutants with altered glycogen-biosynthetic capacities are obtained easily by an iodine-staining-plate technique, as described by Govons et al. (1969) . By contrast, glycogen-catabolic mutants may be obtained in theory only by the simultaneous alteration of two growth parameters. Cells grown in nitrogen-deficient media in the presence of excess of carbon source, as previously defined, accumulate glycogen. Such cells must be transferred to carbon-deficient medium and a nitrogen source added to promote glycogen mobilization. Such manipulative procedures are not feasible with conventional screening methods. In this communication a method is described whereby the above criteria are met and glycogen-catabolic mutants may be isolated.
The proposed pathway of glycogen catabolism in E. coli (Palmer et al., 1973 ) is thought to comprise the enzymes glycogen phosphorylase (EC 2.4.1 . l ) , isoamylase (EC 3.2.1.68), amylomaltase (EC 2.4.1.25) and maltodextrin phosphorylase (EC 2.4.1.1). Glycogen phosphorylase is the first enzyme unique to the pathway, and is therefore the logical point of regulatory control of the pathway in uivo. Mutants altered in glycogen phosphorylase should therefore provide a tool to elucidate regulatory control of the pathway in vivo. To provide corroborative evidence in support of the proposed pathway, mutants altered in maltodextrin phosphorylase and/or amylomaltase have been isolated by using a modification of the technique described by Schwartz (1967).
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The selection procedure adopted involved the use of spontaneous lactose temperaturesensitive mutants from a strain derived from E. coli JM559, a gift from Dr. M. JonesMortimer (Department of Biochemistry, University of Cambridge). The mutants were selected by growth in phenethyl galactoside/glycerol minimal medium at 40°C. Phenethyl galactoside is a toxic analogue of lactose; wild-type cells are killed, but lactose-negative mutants durvive by using glycerol as an alternative carbon source. Survivors of this selection procedure were subsequently screened for lactose temperature-sensitivity. Lactose temperature-sensitive mutants are mutants altered in one or more of the enzymes of the lactose pathway such that the pathway is functional at 30°C but inactive at 40°C. The technique was to plate samples of the culture on Eosin/Methylene Blue agar at 40°C with lactose as carbon source. Blue colonies, lactose-fermenting wild-type revertants, were marked and the temperature was decreased to 30°C. Any new blue colonies were presumed to be temperature-sensitive mutants. They were cloned and retested for lactose temperature-sensitivity. The lactose temperature-sensitive phenotype, specifically strain LM 136, provided the starting point for the isolation of glycogen-catabolic mutants.
Lactose temperature-sensitive strain LM 136 was mutagenized with U.V. light and plated on nutrient agar at a frequency of about 100 colonies per plate. After 2 days, each Mutants with altered rates of iodine-stain disappearance as compared with the parent strain were picked off the master plate and cloned, and their phenotypic identity confirmed. The selection procedure is summarized in the flow diagram shown in Fig. 1 . Strain LM 136, the parent, exhibited the same characteristics as described for strain 5928 by Palmer et ul. (1973), in that intracellular glycogen was rapidly degraded under conditions of carbon deficiency. The mutants isolated showed significantly altered rates of glycogen catabolism, sufficient to indicate that they possess altered enzyme titres and/or regulatory control.
In conclusion, the techniques described have permitted us to isolate mutants deficient or otherwise altered in one or more of the four enzymes of the proposed glycogen catabolic pathway. Study of such mutants will provide insight into the pathway of glycogen catabolism in E. coli and its regulation in vivo. method for detecting the existence of substrate cycles in living tissues. This method measured the change in the 3H/14C ratio of doubly labelled substrate. However, to quantify fully the role of substrate cycles in metabolic regulation, one needs to be able to separate one cycle substrate from the other and to measure the 3H/14C ratio in each substrate (Crabtree, 1976) . Published studies of the fructose 6-phosphate/fructose 1,6-diphosphate substrate cycle have only measured the 'H/14C ratio in hexose monophosphates (Clark et al., 1973; Hue & Hers, 1974) .
The aim of this work was to develop a method which could achieve good separation of the sugar phosphates, not only from other metabolites, but also from each other, before measuring 3H/14C ratios. It was also desired that the method be both rapid and simple, capable of handling multiple small samples and use only limited amounts of labour and specialized equipment. Techniques for the separation of sugar phosphates (and sugar nucleotides) have been reviewed by Pontis & Leloir (1972) . Laboratory faciiities and experience made chromatography the technique of choice. The advantages of
